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, Abstract 
A low cost of ownership (CoO) TiZr alloy target 
and its nitride has been developed as an 
alxemative Cu diffusion barrier to Ta/TaN^. 
Comparative Rutherford Backscattering 
Spectroscopy (RBS) studies showed no 
indication of Cu penetration through reactively 
sputtered TiZr^N, or TaN,, after heat treatments 
at 700 for 5 hours. The improved mechanical 
strength of TiZr and its subsequent nitride, by 
solution hardening, make this alloy a more 
attractive target material which can withstand 
higher deposition power and thermal stress. 

Introduction 
With the emerging transition from Al to Cu Ibr 
interconneets, Ta/TaNx is the preferred Dual 
Damascene barrier material inhibiting Cu 
difBision for IC's [1-3]. Recently, a worldwide 
shortage and increasing demand/cost of Ta has 
forced the industry to seek alternatives. In this 
work, a new nitride barrier alloy from the Ti-Zr 
system has been investigated and compared with 
Ta/TaN,. The mechanical strength of the Ti-Zr 
target materials, microstrucnire of reactively 
sputtered nitride films, and barrier strength 
against Cu diffusion were studied employing 
mechanical testing, RBS, and transmission 
election microscopy (TEM). 

Strength of Target Materials 
In comparison with Ta, TiZr alloys are lower in 
cost, lighter in weight, available In higher purity, 
and stronger due to the refined grain 
microstructure achieved with the addition of Zr. 
Both Ti and Zr are in the same group in the 
periodic table, and Ti-Zr alloy produces a solid 
solution with complete mtscibility in the entire 
range of composition. The optical micrographs 
of as-cast and hot-rolled Ti-5 at% Zr alloy used 
in these studies are shown in Fig. 1. The as-casi 
microstructure was characterized by fme 
lenticular/acicular grain structure. The grain size 
was refined significantly with the addition of Zr 
to Ti, The grain size of hot rolled metal was in 
the range of 10 jim for TiZr, 12-18nm for Ti, 
and 30 * SO|xm for Ta. The 0.2 % yield strength 
of hot rolled metal was in the range of 68 and 33 
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ksi, respectively, for Ti-5at%Zr and Ta. The 
Vicken hardness value was about 210 ksi (1.4S 
GPa) for Ti-5at%Zr alloy, almost three times 
higher than that of Ta (Hv=gS ksi or 0.59 GPa). 
The Vickers hardness value of 5N5 Ti was about 
110 ksi (0.76 GPa). There was no noticeable 
change in hardness after thermal annealing for 24 
hours at 200 ^C for all three metals* The 
improved snengih of Ti-Zr alloy was attributable 
to the solution hardening achieved by the 
addition of large Zr atoms and associated 
refinement of grain size. The mechanical 
strength of Ti-Zr alloys can be tailored to a 
desired level by controlling Zr content. This Is 
particularly impottant in designing stable sputter 
target materials used under high power and 
thermal stress conditions experienced in long 
throw self-ion-plasma (SIP) systems [4], 




Fig, I Optical micrographs of Ti-5 at%Zr 
alloy: (a) as-cast and (b) hot^rolled 
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Characceristics of Nitride Films 
Nitride films were prepared by reactive physical 
vapor deposition (PVD) in an Applied Materials 
PS500 Endura® system, that allowed deposition 
of nitride and copper in sequence without 
breaking a vacuuni. Typical base chamber 
pressure was in the range of low 10'^ Pa (^lO"* 
Torr). Nitride films were prepared at 400 "C with 
6.5 kW power by reactive deposition in a Ar/Ni 
plasma at roughly 5 mtorr. Copper was deposited 
at 350 with 2 kW power with Ar process gas 
only. RBS analyses revealed that the 
stoichiometry of metal-to-nitro§en was in the 
range of Tao 6,0* No and (TiZr)o.47^.6oNo^3-o.40- 
In the latter nitride, the Zr fraction in the nitride 
matched the target composition. The varying 
compositions are thought to be partly due to the 
resolution limit of RBS technique (±5 % for 
nitrogen) and partly to the fluctuation of nitrogen 
pressure during PVD process. However, it is 
interesting to note that TaN, showed a much 
larger metal-to-nitrogen variation compared to 
that of TiZr^Ny, possibly due to the presence of 
both amorphous and crystalline phases m a 
deposited film. 

T£M microstructures of as>deposited TaN^ and 
TiZr^Ny films are displayed in Fig. 2. In general, 
both nitrides showed a columnar structure, with 
TiZr^Ny having somewhat finer column 
diameters in the range of 10 to 20 nm. For the 
TiZrxNy Sims a thin equiaxed grain structure was 
observed within the first ]0 nm from the SiOi 
substrate. Columnar grains were then observed 
to re-nucleate and grow from these smaller 
grains. During the deposition of these thicker 
films, some of the re-nucleated columnar grains 
stopped growing in the thick overlayer, while 
adjacent neighboring grains grew taller and 
spread laterally. Although a similar pattern of 
grain growdi was observed for TaKxs the 
columnar structure was less conspicuous. Grains 
at the Interlace were smaller and appeared to be 
imbedded in a poorly defined mixture of 
crystalline and amorphous material. Detailed 
TEM examination revealed that the fraction of 
amorphous material increased with decreasing 
deposition power. The selected area diffraction 
(SAD) pattern of TaN, revealed a poorly defined 
ring that was attributable to an h.c.p. crystal 
structure according to the information in 
references [5, 6], The SAD ring pattern from 
TiZr^Ny columns indicated that the deposited 
film was crystalline with an NaCl (B 1) ^e Ccc. 
structure. 




Fig. 2 TEM microstruciure of (a) TaN, and (b) 
TiZrxNy film deposited at 400 wift 6.5 kW 
power in a Ar/Ks plasma 



Barrier Strength of Nitride Films 
The nitride film was deposited on a SiOz coated 
Si wafer followed by copper deposition Finally, 
a CVD SijNi capping layer was placed over the 
Cu to protect it during high temperature barrier 
integrity testing. Thermal annealing was carried 
out in an oven under pure nitrogen at 
temperatures of 450, 550, 600, 650, 700, and 750 
for periods of time between 1 and 5 hours. 
RBS profiles were obtained at a scattering angle 
of 170** with 2.3 MeV H** ions for the as 
deposited and thermally annealed films. 

Both TiZr^^Ny and TaN* showed excellent barrier 
strength against Cu diffusion up to 700 **C. Fig. 
3(a} compares the RBS profiles for film stacks of 
Si/SiOz/ TiZr»Ny /Cu/SijN^ that were annealed 
for 1 hour at 5 different temperatures between - 
450 and 700 ^C. The thickness of TIZrNx film 
was 20 nm. From the traces, it was observed that 
all live curves are superimposed on top of each 
other regardless of annealing temperature. There 
was no Indication of Cu peak displacement or 
spreading for all temperatures. To fiuther verify 
the stability, one of the wafers was annealed for 
5 hours at 700 **C. Figure 3(b) compares the 
RBS profiles of the specimens annealed at 700 
^C for one and 5 hours. In this latter case, 
however, the surface Cu and the protective Si3N4 
layer were removed prior to the RBS analysis to 
enhance the detection sensitivity for Cu in the 
barrier film. It was observed that there was no 
trace of Cu difftislon through the barrier even 
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after 5 hours of anneaitng at 700 ^C. Identical 
results were obtained for TaN^. 
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RBS profiles for SUSlOsf TiZr^Ny 
/Cu/$i}N4 stacks: (a) annealed for one hour 
between 450 and 700 "C, and (b) annealed for one 
and 5 hours at 700 °C (the surface Cu layer was 
removed before analysis in *bO. 

After annealing at 750 t for one hour, some of 
the TiZr^Ny films felled and some sriU showed 
no Cu diffusion. The data suggests that the 
stability limit of the barrier resides somewhere 
between 700 ^'C and 750 ^'C. Finally, in 
anticipaiion of extremely thin barriers for feature 
size well below 100 mn« fuither tests were 
conducted to evaluate &e film stability of 
TiZfxNy films as thin as 5 nm, 



Fig. 4 Cross-sectional view of a 5 nm TiZrxNy 
barrier annealed for one hour at 650 ^C. 



RBS and TEM studies revealed no indication of 
Cu diflusion through Ac barrier after annealing 
for one hour at 650 °C. Figure 4 shows the 
cross-sectional view of a TEM microstmcturc of 
TiZr^Ny annealed at 650 'C for one hour. There 
was no indication of Cu diffusion or secondary 
phase formation with Cu. 

Conclusion 

In an effort to find cost effective and reliable 
barrier materials for future Cu damascene 
technologies, the perfbrmance of a TiZr^Ny 
barrier fitaxi was compared to TaN^ in Cu 
diffusion studies. It was demonstrated that a low 
cost TiZr alloy could be used as an alternative to 
Ta in producing effective deposited nitride 
barriers for Cu, In addition, the mechanical 
strength of the TiZr target can be tailored by 
controlling the amount Zr added to meet the high 
power requirement of emerging long throw SIP 
system which operates at high power and high 
thermal stress conditions. 

RBS analyses and TEM examination revealed 
that there was no apparent Cu diflusion through 
20 nm TiZr^Ny layer after annealing at 700 ^C 
for 5 hours. In addition, TiZr^Ny fihns as thin as 
5 nm, which are equiaxed in hxis regime, still 
maintained their barrier strength during 
annealing at 650 •C for long exposure times. 
Although this nitride system exhibited a 
ciystalline structure, its observed barrier strength 
at elevated temperatures goes well beyond Cu 
Dual Damascene requirements. In the near 
future* Bias teraperamre stressing (BTS) of this 
system will be examined. These studies indicate 
that TiZrxNy is a promising Cu bairier for ITRS 
technology nodes well below lOOnm. 
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Abstract 

New high performance target materials based on 
TiZr alloys have been developed to provide 
TiZrxNy diffusion barriers for Cu interconnect 
technology. TiZrxNy liner films shov/ed excellent 
barrier strengdi against copper difiusion up to 5 
hours at 700 ''C and appear comparable to TaN;^ 
in performance. The films also exhibit lower 
electrical resistivity than TaN,, good adhesion to 
Cu and advanced low k dielectrics, are readily 
processed by chemical mechanical planarizatioa 
(CMP), and yield excellent PVD step coverage 
over high aspect ratio interconnect structures. 

Introduction 
Cu integration research is presently focused on 
the generation of ultrathin (< 5 nm), low 
resistivity barrier materials having' low 
electromigration properties for fixture 
microelectronic technology applications [1,2]. 
Major technological huddles around solving the 
problems associated with the difiusivity of Cu 
through barrier metals and low-k dielectric 
materials need to be addressed to meet ITRS 
needs. Specific issues include development of 
high conformity, thin barrier/liner materials (<5 
nm thick), minimization of Imer electrical 
resistivity, good adhesion of barrier/liner to Cu 
and low k dielectrics. Other requirements deal 
with the deposition of uniform Cu seed layers 
and defect^fi-ee ECD gap-fill, adequate chemical 
mechanical planarization (CMP) compatibility 
with low-k dielectrics, thermal and mechanical 
stability of integrated system and a 
demonstration of reliable device performance 
under electrical stress. In this study, 
experimental data has been collected for a newly 
developed thin film barrier material, TiZrxNy. 
This paper reports the experimental findings on 
this film and compares die evaluated properties 
in reference to those of TaNx. 

Strength of Barrier Liner 
Thennal annealing studies were conducted for 
Si/SiOz/Nitride-Barrier/Cu stacks to evaluate and 
compare the barrier strength of TaN, and 
TiZTxNy. Detailed results are summarized in a 



sep^te paper p]. It was shown that both 
barriers were equally excellent barrier/liner 
materials agamst Cu difiusion. Rutherford back- 
scatt«*ig spectroscopy (RBS) analysis and 
transmission electron microscopy (TEM) 
examination revealed that there was no 
indication of Cu diffusion through the barrier 
fihns after annealing for 5 hours at 700 **C. 

Electrical Resistivity 
TaNx and TiZi-xNy films were deposited at 400 "^C 
in Ar/Nj plasmas at sputtering gas pressure of — 
2-5 mtorr with deposition powers from 2 to 9 
kW. Sheet resistance (R*) was measured by 4- 
point probe method. Bulk electrical resistivity 
(p^Rjt) viras determined by measuring tiie film 
Sickness (t) with SEM, TEM, and profilometer. 
The specific gravity of deposited films was 
determined from the thickness and fihn weight. 

Figure 1 illustrates the resistivity values of the 
fihns as a fimction of deposition power. TaNx 
had an unusually high resistivity value of 2280 
\iQ'Cm at 2 kW, which decreased rapidly to 254 
M^^-cm with increasing power to 8.6 kW. On the 
other hand, the resistivity of Ti2i-xNy fihns 
showed not only little variation with the power 
but much lower values at all power levels, 
changing only from 106 to 69 fxT^-cm, with 
increasmg power from 2 to 8.6 kW, respectively. 
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Fig. 1 Resistivity vs. power for TaNx and 
TiZrxNy deposited at 400 *'a 
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Figure 2, indicates that the unusually high 
electrical resistivity of the TaNx fihn at low 
power appears to be associated its lower film 
density. The density increased from 3.8 to 13.9 
g/cm at increasing deposition powers from 2 to 
8,6 kW, with a concomitant decrease in film 
resistivity. Although diverse phases have been 
observed for TaN, depending upon the 
conditions of film preparation [4,5], the large 
change in specific gravity could not be explained 
by the change in phase or crystal structure. Such 
a low specific gravity could not be derived &om 
the atomic packing density of any known phase. 
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Fig. 2 Variation of resistivity and specific 
gravity as a function deposition power for 
TaN, deposited at 400 

TEM exammation of the TaN^ fihn at 2 kW 
revealed that a significant fraction of the 
microstructure was amorphous, confirmmg that 
the atomic packing density decreased or the 
porosis of the fihn increased with decreasing 
deposition power. Since defects such as poies 
and gram boundaries are known to be scattering 
centers for conduction electrons, the high 
resistivity of TaHc fihn was attributable to the 
fihn porosity at low power. In contrast, the 
resistivity of TiZr^Ny fihn showed not only little 
variation with power, but lower values, hmtmg 
that atomic packing m this fihn was dense. This 
was confirmed by the pronounced crystalline 
structure of TiZr^Ny at all power levels. 

Although low resistivity TaN, fihns could be 
made employing a high power (see highlight 
region m Fig. 2), the typical deposition rate is 
greater than 3 nm/s. From a practical process 
pomt of view, the fihn thickness is more difficult 
to control for short deposition tunes. This is 
particularly important for fixture sub-100 am 
mterconnections, where the Imer thickness is 
expected be m the range of 5 to 10 nm. 



Another unporfant fector to be considered is 
resistance contribution of the barrier to a Cu via. 
For a Cu filled 100 nm x 100 nm via with a-10 
nm thick bottom barrier/liner. Calculations 
reveals that the via resistance from bamer/liner 
would be - 2.54 Q if the liner were TaN, 
prepared at 8.6 kW, and - 0.69 Q if it were 
TiZr^Ny. If the barrier/liner were deposited at 2 
kW, although the controllability could be 
improved by reduced deposition rate, the 
resistance of TaN^ Imer would increase to 22.8 
n, whereas that of TiZrNx would mcrease 
merely to 1,06 n at 2 kW. For a 400nm deep 
via, the Cu contributes about 0.68 Q, indicatmg 
Aat the barrier can contribute a substantial 
fraction of the via resistance. In this regard, 
TiZr^Ny offers an advantage m view of its lower 
electrical resistivity and controllability of 
deposition. 

Adhesion 

For successfid barrier mtegration, it is essential 
to maximize adhesion at all interfaces, especially 
at the Cu/barrier and barrier/IMD interfaces. 
Stud-pull tests were conducted for fiie fihn 
stacks of Si/Si02/TiZrxNy/Cu/Si3N4. For these 
studies, the as deposited films with a substrate 
substrate temperature of 400C demonstrated 
excellent adhesion at all interfeces with an 
average stud-pull strength of about 13 ksi (900 
MPa) for botii TaN^ and TiZr^Ny. A pull strength 
greater 10 ksi is considered to be very good. 

Additional peel adhesion test was conducted to 
check the compatibility of TiZr^Ny and Cu with 
low-k dielectrics. Three low-k dielectrics with 
film thicknesses on the order of 600nm and k 
values of 2.6 and below were investigated. 
Studies were performed with and without the 
TiZr;»Ny interposed between the low k dielectric ' 
and Cu. When delamination was observed in 
these systems, the poor adhesion was 
predominantly associated with moisture 
adsorption at &e low-k dielectric surface. 
However, proper degassing prior to TiZrxNy 
deposition improved adhesion dramatically and 
consistently. Peel adhesion test was by first by 
cross-cuttmg the film in 1 mm x Imm square 
matrix with a sharp diamond knife, applying 
adhesive tape on it, and peelmg off the tape 
according the procedure described m ASTM 
Standard Tape Test Method [6]. The cut groove 
was up to several micrometer deep accordmg to 
Sloan Dektak II profilometiy. NEC SC24B tape, 
made by Kmg Jun Co., LTD, Japan, was used 
for testing. Repeated tests showed no indication 



of delamination at all interfaces except Cu/NG, 
as summarized in Table 1. 

Table 1: Peel-test adhesion evaluation 
Dielectrics Dielectric k value TIZrNx Cu 
Type 

GX-3 Organic 2.6 Pass Pass 

HOSP Inorganic 2^ No data Pass 

NanoglassE Inorganic 2.2 Pass Fall 



CMP CompatibUity 
To evaluate the compatibility of TaN, and 
TiZrxNy liner to CMP, a cursory test was 
conducted with Cu Phase n silica slurry for the 
nitride films deposited on Si wafers widi 50 nm 
SiO^ coating. A typical removal rate was 88.4 
rnn/s for TaN^ and 56.7 nm/s for TiZrxNy at a 
polishing condition of 3 psi/75 rpm. A minor- 
quality sur&ce finish could be achieved after 
polishing. SEM examination showed no 
discernible scratches on the entire surfece of the 
nitride film. No delamination occiirred during 
CMP. 

Step Coverage 
For successful Cu dual damascene integration, it 
is essential to have uniform step coverage of vias 
and lines with the barrier liner and Cu seed layer, 
because it allows void firee Cu gap-fil]» reduces 
electromigration, and prevents open-circuit 
^lure. Ionized PVD step coverage studies were 
performed over 200nm wide gap structures 
etched m SiOz. As illustrated in Fig. 3, the I- 
PVD TiZrxNy liner and Cu seed layer produced 
excellent step coverage for the Imes with aspect 
ratio of 4:1 (200 nm wide and 800 nm high). The 
PVD wettmg of the TiZrJMy with the substrate 
and Cu was observed to be smooth and uniform. 
Electrical test results will be reported in the 
iuture regarding the integrity and leakage 
properties of the barrier metal under electrical 
current and voltage testmg. 



Conclasions 

The properties of Tia^Ny and TaNx barrier liner 
films were examined for Cu dual damascene 
applications. Although both nitrides showed 
equally excellent barrier strength against Cu 
difiusion up to 700 ''C, TiZrxNy had lower 
electrical resistivity at all deposition power level, 
allowing an easier control of deposition rate 
without compromising electrical conductivity. 
Tests on adhesion, CMP and step coverage 
showed excellent results for TiZrJt^y^ making it 
potendal bairier Imer material for the next 
generation microelectronic applications. 
However, further tests are needed to check CMP 
compatibility with dielectric materials and the 
performance under electrical field. 
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Fig. 3 Step coverage by (a) I-PVD TiZrxNy 
liner only and (b) I-PVD TiZrxNy plus Cu seed 
layer 



CLAIMS 

1 . A film comprising titanium and having a thickness of less than 20 
nanometers. 

2. The film of claim 1 further comprising nitrogen. 

3. The film of claim 1 further comprising zirconium. 

4. A film comprising titanium and having a thickness of less than 1 0 
nanometers. 

5. The film of claim 4 further comprising nitrogen. 

6. The film of claim 4 further comprising zirconium. 

7. A film comprising titanium and having a thickness of less than 5 
nanometers. 

8. The film of claim 7 further comprising nitrogen. 



9. The film of claim 7 further comprising zirconium. 

10. A film comprising zirconium and having a thickness of less than 20 
nanometers. 

1 1 . The film of claim 1 0 further comprising nitrogen. 

1 2. The film of claim 1 0 further comprising titanium. 

13. A film comprising zirconium and having a thickness of less than 10 
nanometers. 

14. The film of claim 13 further comprising nitrogen. 

1 5. The film of claim 1 3 further comprising titanium. 

16. A film comprising zirconium and having a thickness of less than 5 
nanometers. 



1 7. The film of claim 1 6 further comprising nitrogen. 

1 8. The film of claim 1 6 further comprising titanium. 

19. A film consisting essentially of TiZrN and having a thickness of less 
than 20 nanometers; wherein the elements of the film Indicate components of the 
film and not a particular stoichiometric relationship of the components. 

20. A film consisting of TiZrN and having a thickness of less than 20 
nanometers; wherein the elements of the film indicate components of the film 
and not a particular stoichiometric relationship of the components. 

21 . A film consisting essentially of TiZrN and having a thickness of less 
than 10 nanometers; wherein the elements of the film indicate components of the 
film and not a particular stoichiometric relationship of the components. 

22. A film consisting of TiZrN and having a thickness of less than 10 
nanometers; wherein the elements of the film indicate components of the film 
and not a particular stoichiometric relationship of the components. 



23. A film consisting essentially of TIZrN and having a thickness of less 
than 6 nanometers; wherein the elements of the film Indicate components of the 
film and not a particular stoichiometric relationship of the components. 

24. A film consisting of TiZrN and having a thickness of less than 5 
nanometers: wherein the elements of the film Indicate components of the film 
and not a particular stoichiometric relationship of the components. 
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Sputtering Target Compositions^ and Methods of Inhibiting Conner Diffusion iwtn a 

Substrate 

TECHNICAL FIELD 

The invention pertains to titanium alloy thin fOms with improved copper 
diffusion barrier properties. The invention also pertains to titanium alloy sputtering 
targets, and additionally pertains to methods of inhibiting copper diflusion into 
substrates. 

BACKGROUND OF THE INVENTION 

Integrated circuit interconnect technology is changing fix>m aluminum subtractive 
processes to copper dual damascene processes. The shift j&om aluminum and its alloys 
to copper and its alloys is causing new barrier layer materials, specifically TaN, to be 
developed. TiN films, which were used in aluminum technologies, could be formed by, 
for example, reactively sputtering a titanium target in a nitrogen-comprising sputtering 
gas atmosphere. TiN films are reportedly poor barrier layers relative to copper in 
comparison to TaN because the diffusivity of copper atoms through TiN fihns is too 
high. 

The problems associated with TiN barrier layers are described with reference to 
Figs. 1 and 2. Specifically, Fig. 1 illustrates a preferred barrier layer constraction, and 
Fig. 2 illustrates problems associated with TiN barrier layers- 
Referring initially to Fig. 1, a semiconductor wafer fi-agment 10 is iliustrated. 
Wafer fragment 10 comprises a substrate 12 which can comprise, for example, 
monocrystalline silicon. To aid in interpretation of the claims that follow, the terms 
"semiconductive substrate" and "semiconductor substrate" are defined to mean any 
construction comprising semiconductive material, including, but not limited to, bxilk 
semiconductive materials such as a semiconductive wafer (either alone or in assemblies 
comprising other materials thereon), and semiconductive material layers (either alone or 
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in assemblies comprising other materials). The temi ""substrate" refers to any supporting 
structure, including, but not limited to, the semiconductive substrates described above. 

An insulative layer 14 is formed over substrate 12. Insulative layer 14 can 
comprise, for example, silicon dioxide or borophosphosilicate glass (BPSG). 
Altematively, layer 14 can comprise fluorinated silicon dioxide having a dielectric 
constant less than or equal to 3.7, or a so-called "low-k" dielectric material. In particular 
embodiments, layer 14 can comprise an insulative material having a dielectric constant 
less than or equal to 3.0. 

A barrier layer 16 is formed to extend within a trench in insulative material 14, 
and a copper-containing seed layer 18 is formed on barrier layer 16. Copper-containing 
seed layer 1 8 can be formed by, for example, sputter deposition from a high purity 
copper target, with the term "high purit/' referring to a target having at least 99.995% 
purity (i.e., 4N5 purity). A copper-containing material 20 is formed over copper- 
containing seed layer 18, and can be formed by, for example, electrochemical deposition 
onto seed layer 1 8. Copper-containing material 20 and seed layer 1 8 can together be 
referred to as a copper-based layer or copper-based mass. 

Barrier layer 16 is provided to prevent copper diflfiision from materials 18 and 20 
into insulative material 14. It has been reported that prior art titanium materials are not 
suitable as barrier layers for preventing diffusion of copper. Problems associated with 
prior art titanium-comprising materials are described with reference to Fig. 2, which 
shov^ the construction 10 of Fig. 1, but which is modified to illustrate specific problems 
that can occur if either pure titanium or titanium nitride are utilized as barrier layer 16. 
Specifically, Fig. 2 shows channels 22 extending through barrier layer 16. Chaimels 22 
can result from columnar grain growth associated with the titanium materials of barrier 
layer 16. Channels 22 effectively provide paths for copper dififiision through a titanium- 
comprising barrier layer 16 and into insulative material 14. The colunmar grain growth 
can occur during formation of a Ti or TiN layer 16, or during higji temperature 
processing subsequent to the deposition. Specifically, it is found ttiat even when prior art 
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titanium materials are deposited without columnar grain, the materials can &il at 
temperatures in excess of 450°C. 

In an effort to avoid the problems described with reference to Fig. 2, there has 
been a development of non-titanium barrier materials for difiusion layer 16. Among the 
materials which have been developed is tantalum nitride (TaN). It is found that TaN can 
have a close to nanometer-sized grain structure and good chemical stability as a barrier 
layer for preventing copper diffusion. However, a difficulty associated with TaN is fbat 
the high cost of tantalum can make it difficult to economically incorporate TaN layers 
into semiconductor &brication processes. Alternatively, we have found that many 
titanium alloys can have superior mechanical properties compared to tantalum; both in 
the sputtering target and sputtered film; thus making them suitable for high-power 
applications. 

Titanium alloys are a lower cost material than tantalum. Accordingly, it is 
possible to reduce materials cost for the microelectronics industry relative to trtilization 
of copper interconnect technology if methodology could be developed for utilizing 
titanium-comprising materials, instead of tantalum-comprising materials, as barrier 
layers for inhibiting copper difilision. It is therefore desirable to develop new titanium- 
comprising materials which are suitable as barrier layers for impeding or preventing 
copper diffusion. The titanium comprising materials can be of any purity, but are 
preferably high purity; with the term "high purity*' referring to a target having at least 
99.95% purity (i.e., 3N5 purity). 

SUMMARY OF THE EWENTION 

The invention described herein relates to new titanium-comprising materials 
which can be utilized for forming titanium alloy sputtering target?. These sputtering 
targets can be used to replace tantalum-comprising targets due to their high-strength and 
resulting film properties. Specifically, in certain embodiments, the titanium alloy 
sputtering targets can be used to form barrier layers for Cu applications. The titaniiam 
alloy sputtering targets can be reactively sputtered in a nitrogen-comprising guttering 
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gas atmosphere to form titanium aUoy nitride film, or alternatively in a nitrogen- 
comprising and oxygen-comprising atmosphere to fomi titanium alloy oxygen nitrogen 
thin film. The thin fihns formed in accordance with the present invention can have a 
non-columnar grain structure, low electrical resistivity, high chemical stability, and 
barrier layer properties comparable to those of TaN. Further, the titanium alloy 
sputtering target materiab produced in accordance with flie present invention ate more 
cost-effective for semiconductor a^Ucations than are high-purity tantalum materials. 

In one aspect, the invention encompasses a sputtering target comprising Ti and 
one or more aUoying elements which have a standard electrode potential of less than -1 .0 
10 volt TotheextentthatZr.AIorSiareptesent.itcanbedesirablethattheyatenot 

present in the foim of binary aUoys with Ti (with binary complexes being TiZr, TiAl and 
TiSi). AdditionaUy, if a target comprises a binary aUoy of TiZr, it can be desirable that 
Zr be present in a range of from 32-38 atom% or a range of 1 2-1 8 atom%; or it can be 
desired to have the Zr present in any amount from greater than 0 atom% to less than 50 
atom% in Cu barrier applications. In embodiments in which the sputtering target 
comprises multiple alloying elements, all of the alloying elements can have the standard 
electrode potential of less tiian -1.0 volt, or less than all of the aUoying elements can 
have the standard electrode potential of less tiran -1.0 volt. 

In anotiier aspect, the invention encompasses a metiiod of inhibiting copper 
20 diffusion into a substrate. A first layer comprising titanium and one or more aUoying 
elements which have a standard electrode potential of less tiian -l.OV is formed over flie 
substrate. A copper-based layer is tiien formed over tiie first layer and separated from 
flie substrate by tiie first layer. The first layer inhibits copper diffusion from the copper- 
based layer to tiie substrate. 

In yet anotiier aspect, tiie invention encompasses a sputtering target comprismg 
Ti and one or more elements which have melting temperatures greater tiian or equal to 
2WC. In embodiments in which tiie sputtering target comprises multiple alloying 
elements in addition to Ti, aU of the elements other tiian Ti can have tiie melting 
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temperature greater than or equal to 2400°C, or less than all of the elements other than Ti 
can have the melting temperature greater than or equal to 2400**C. 

In yet another aspect, the invention encompasses a sputtering target comprising 
Ti and one or more alloying elements with differences in atomic radu relative to Ti of at 
least 8%, or at least 10%, and in some applications at least 20%. In embodiments in 
which flie.sputtering target comprises multiple alloying elements, aU of tiie alloying 
elements can have tiie difference in atomic radii relative to Ti of at least 8%, or less than 
all of tiie aUoying elements can have tiie difference in atomic radu relative to Ti of at 
least 8%. 

For purposes of interpreting tiiis disclosure and tiie claims that follow, a 
"titanium-based" material is defined as a material in vMch titanium is a majority 
element, and an "alloying element" is defined as an element fbat is not a majority 
element in a particular material. A "majority element" is defined as an element which is 
present in larger concentiation tiian any oflier element of a material. A majority element 
can be a predominate element of a material, but can also be present as less tiian 50% of a 
material. For instance, titanium can be a majority element of a material in which tiie 
titanium is present to only 30%. provided tiiat no otiier element is present in tiie material 
to a concentration of greater tiian or equal to 30%. Tlie otiier elements present to 
concentrations of less tiian or equal to 30% would be "alloying elements." Frequentiy, 
20 titanium-based materials described herein will contain alloying elements at 

concentrations of fix>m 0.001 atom % to 50 atom %. The percentages and concentrations , 
referred to herein are atom percentages and concentrations, except, of course, for any 
concentrations and percentages specifically indicated to be otiier tiian atom percentages 
or concentrations. 

Additionally, for purposes of interpreting tiiis disclosure and tiie claims tiiat 
follow a "copper-based" material is defined as a material in which copper is tiie majority 
element 



AiNpOl'PCT Foniac.dae 



5 



30-5082(4015) 

m»nr.F PESCRIPTION OF THK DRAWINGS 

Preferred embodiments of the invention are described below with reference to the 
following accompanying drawings. 

Fig. 1 is a diagrammatic, cross-sectionai view of a prior art semiconductor wafer 
fiagment iUustrating a conductive copper material separated from an insuktive material 
by a barrier layer. 

Fig. 2 is a view of the Fig. 1 prior art wafer fiagment iUustrating problems which 
can occur when utilizing prior art Ti-contaming materials as the barrier layer. 

Fig- 3 is a diagrammatic, cross-sectional view of a semiconductor wafer fiagment 
10 at a preliminary step of a method of the present invention. 
^ Fin 4 is a view of &e Fig. 3 vrafet fiagment shown at a processing step 

^ subsequent to that of Fig. 4. 

H= Fig. 5 is a view of the Fig. 3 wafer fiagment shown at a processing step 

subsequent to that of Fig. 4. 

Fig 6 is a view ofthe Fig. 3 wafer fiagment shown at a processmg step 

O 

M- subsequent to that of Fig. 5. 

% Fig. 7 is an expanded view of a portion of the Fig. 5 wafer fragment. 

S Fig. 8 is a diagrammatic graph illustrating a relative concentration of a material 

«Q" relative to a copper-containing layer, TiQ layer and SiO layer along an axis shown 
20 inFig.4. 

Fig. 9 is a diagrammatic graph of a relative concentration of a material "Q" 
relative to a copper-containmg layer, TiQ layer and SiO layer along an axis shown in 
Fig. 5. 

Fig. 10 is a chart showing improvements in mechanical properties of Ti-Zr aUoys 

in comparison to prior art Ta. 

Fig, 11 is a diagrammatic, cross-sectional view of an exemplary sputtering target 

.construction. 

Fig. 12 is a graph illustrating a Rutherford Back-scattering Spectroscopy (RBS) 
profile of as-deposited 'no.45Zro.024No.52- 
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Fig. 13 is an illustration of sheet resistance of Tio.45Zro.o24No^. The Rs spacing h 
equal to 1/3 sigma, and the shown gradients correspond to 68.99; 67.88; 66.76; 65.65; 
64.54; 63.42; 62.31; 61.19; and 60.08. 

Fig. 14 is a graph illustrating a Rutherford Back-scattering Spectroscopy profile 
'no.45Zro.024No.52 after vacuum annealing for 1 hour at from 450'*C to 700''C. 

Fig. 15 is a graph illustrating a Rutherford Back-scattering Spectroscopy profUe 
of a TiZrN thin fihn after stripping Cu layer from a wafer. The TiZrN thin fihn and Cu 
layer being initially part of a structure formed in accordance with an exemplary method 
of the present invention. The illustrated data shows no apparent diffusion of Cu into the 
TiZrN layer after 5 hours at 700°C. 



DETAILED DESCRTPTr PN OF THF. PREFERRir.n B;MBODTMir.lVT.«; 

Exemplary embodiments of the present invention are described with reference to 
Figs. 3-9. Referring initiaUy to Fig. 3, a semiconductor wafer fragment 50 is illustrated. 
Wafer fragment 50 comprises a semiconductive material substrate 52, such as, for 
example, monocrystalline silicon. An insulative material 54 is formed over substrate 52, 
and an opening 56 is formed into insulative material 54. Materials 52 and 54 can 
comprise the same materials as described with reference to the prior art for materials 12 
and 14, respectively. Opening 56 can comprise, for example, a trench for formation of 
copper in a dual damascene process. 

Referring to Fig. 4, a barrier layer 58 is formed over insulative layer 54 and ^ 
within opening 56. In accordance with flie present invention, barrier layer 58 comprises 
titanium, and is configured to unpede diffusion from subsequently-formed copper-based 
layers into insulative material 54. In one aspect of the invention, barrier layer 58 
comprises titanium and one or more elements which have a standard electrode potential 
(specifically, a standard reduction potential measured with a Cl'VCl reference electrode) 
of less than - 1 .OV (i.e. more negative than -1 .0 volt). Suitable elements can be selected ^ *> 
&om the group consisting of Al, Ba, Be, Ca, Ce, Cs, Hf, La, Mg, Nd, Sc, Sr, Y, Mn, V, £ 
Si and Zr, although in particular embodiments the elements wiU not include Al, Si, or Zr. ;?o 
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Further, barrier layer 58 can consist essentially of the titanium and one or more elements 
having a standard electrode potential of less than about -LOV, or can consist of the 
titanium and one or more elements having a standard electrode potential of less than - 
l.OV. Barrier layer 58 can also comprise one or both of nitrogen and oxygen in addition 
to the Ti and the one or more elements having a standard electrode potential of less than - 
1 .OV. Layer 58 can be considered as a film formed over substrate 54, and in particular 
embodiments will have a thickness of fiom about 2 nanometers to about 500 nanometers, 
and can specifically have a thickness of firom about 2 nanometers to about 50 
nanometers, or can specifically have a thickness of from about 2 nanometers to about 20 
nanometers. 

In another aspect of the invention, barrier layer 58 comprises titanium and one or 
more elements which have a melting temperature of greater than or equal to about 
2400°C. Suitable elements can be selected from the group consisting of Nb, Mo, Ta and 
W. Further, barrier layer 58 can consist essentially of the titanium and one or more 
elements having a melting temperature of greater than or equal to about 2400°C, or can 
consist of the titanium and one or more elements having a melting temperature of greater 
than or equal to about 2400**C- Barrier layer 58 can also comprise one or both of 
nitrogen and oxygen in addition to the Ti and the one or more elements having a melting 
temperature of greater than or equal to about 2400''C. Layer 58 can be considered as a 
film formed over substrate 54, and in particular embodiments will have a thickness of 
from about 2 nanometers to about 50 nanometers, and can specifically have a thickness 
of from about 2 nanometers to about 20 nanometers. The elements having a melting 
temperature of greater than or equal to about 2400^ can stabilize a titanium alloy due to 
refiractory characteristics of the elements. 

One aspect of the materials of the present invention that can be important in 
maintaining desired small grain sizes in barrier layers and sputtering targets of the 
present invention is that &e elements incorporated into the titaniiun-comprising targets 
can have atomic sizes which are more than 8% different than the atomic size of titanium, 
and preferably more than 10%, or even more than 20% different than the atomic size of 
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titanium. Such difference in atomic size can disrupt a titanium lattice structure, and 
accordingly impede grain growth within the lattice. A magnitude of difference in grain 
size between the titanium and the other elements incoiporated into hairier layer 58 can 
effect the amount by which a lattice is disrupted, and accordingly can influence an 
amount ofgrain growth occurring at varioxis temperatures. It can therefore be preferable _5 
to utilize elements having larger differences in size relative to titanium than atoms » 
having less difference in size relative to titanium. A group of elements having an atomic ? 
radii difference relative to titanium of at least 8% is Mn, Fe, Co, Ni and Y; and a group ^ 
of elonoits having an atomic radii differrace relative to titanium of at least 20% is Be, 9 
B, C, La. Ce, Pr, P, S, Nd, Sm, Si, Gd, Dy, Ho, Er, and Yb. It is noted that some of the 
elements having an atomic radii difference relative to titanium of greater than 8%, or 
greater than 20%, overlap with the elements having a standard electrode potential of less • ? 
than -1 .OV, and some do not The present invenlion encompasses utilizing elements ' ^ 
having an atomic radii difference relative to titanium of greater than 8% (or in some ' <■> 
applications greater dian 20%) in combmation with titanium for forming barrier layers, < j; 
and accordingly comprises sputtering targets comprising titanium and one or more of Si, ' > 
P, S, Sc, Mn, Fe, Co, Ni, Y, Be, B, C, Mo, La, Ce, Pr, Nd. Sm, Gd, Dy, Ho. Er, and Yb. ' P 

In a sense, the invention encompasses alloying elements that fell within three 
categories: a standard electrode potential of less than about -l.OV; a melting temperature 
of greater than or equal to about 2400°C; or an atomic size which is more than 8% 
different than the atomic size of titanium. Table 1 lists several exemplary elements that , 
can fall within one or more of such three categories. Table 1 is not an all-inclusive 
listing of elements that fit within one ot more of the three categories. 
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TABLE 1 



Element 


Atomic Radius 

(A) 


% Atnmic rarfiii^ 

difference from Ti 
(2.00 A) 


WLOIIVICIIU ^IC?wUwVJI^£ 

Potential' (Volts) 
(Reaction) 


IViclUfl^ r Willi 


Al 


1.82 


•9 


-1.70 (AT/AI) 


660 


B 


1.17 


-41.5 


-1.20 (B''*/B) 


2300 


Ba 


2.78 


39 


-3.53 (Ba-^'/Ba) 


725 


Be 


1.4 


•30 


-1.80 (Be^VBe) 


1278 


C 


0.91 


-54.5 


0.14 (C**7C) 


3500 


Ca 


2.23 


11.5 


-3.26 (Ca'^'/Ca) 


839 


Ce 


2.7 


35 


-2.82 (Ce*"/Ce) 


795 


Co 


1.67 


-16.5 


-0.88 (CC^/Co) 


1495 


Cr 


1.85 


-7.5 


-1.37 (Cr^'/Cr) 


1857 


Cs 


3.34 


67 


-3.44 (Cs"/Cs) 


28.5 


Dy 


2.49 


24.5 


-2.27 (Dy"/Dy) 


1412 


Er 


2.45 


22.5 


-2.51 (Er^/Er) 


1522 


Fe 


1.72 


-14 


-1.10 (Fe*7Fe) 


1535 


Gd 


2.54 


27 


-2.67 (Gd**/Gd) 


1311 


Ho 


2.47 


23.5 


-2.58 (Ho^/Ho) 


1470 


Hf 


2.16 


8 


-2.24 (Hf*/HO 


2150 


La 


2.74 


37 


-2.85 (La^*/La) 


920 


Mn 


1.79 


-10.5 


-1.79 (Mn^*/Mn) 


1245 


Mo 


2.01 


0.5 


-0.63 (Mo^'/Mo) 


2617 


Nb 


2.08 


4 


-0.94 (Nb'VNb) 


2468 


Nd 


2.64 


32 


-2.73 (Nd"^/Nd) 


1010 


Ni 


1.62 


-19 


-0.67 {NP*/Ni) 


1453 


P 


1.23 


-38.5 


-0.74 (P**/?) 


44 


Pr 


2.67 


33.5 


-2.82 (Pf'VPr) 


935 


S 


1.09 


-45.5 


-0.11 (S^'lS) 


113 


So 


2.09 


4.5 


-2.34 (Sc""/Sc) 


1539 


Si 


1.46 


-27 


-1.09 (Sr/Si) 


1410 


Sm 


2.59 


29.5 


-3.42 (Sm'*/Sm) 


1072 


Ta 


2.09 


4.5 


-1.07 (Ta^/Ta) 


2996 


V 


1.92 


-4 


-1.7 (V^*A/) 


1890 


w 


2.02 


1 


-0.69 (W^AV) 


3410 


Y 


2.27 


13.5 


-2.6 rV*7Y) 


1523 


Yb 


2.4 


20 




824 


Zr 


2.16 


8 


-1.65 (Zr'^/Zr) 


1852 



^Standard electrode potentials, specifically, a standard reduction potential measured using a Q'VCl 
reference electrode. 
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In an exemplary process, layer 58 is a barrier layer for preventing diffusion from 
a conductive copper-based material to insulative material 54. In such embodiment, it can 
be preferred that barrier layer 58 be conductive to provide additional electron flow" 
beyond that provided by the conductive copper-based layer. In such embodiments, it can 
be preferred that barrier layer 58 have an electrical resistivity of equal to or less Aan 
300{xn*cm. 

An exemplary method of forming barrier layer 58 is to sputter deposit layer 58 
from a target comprising titanium and one or more elements* The one or more elements 
can have a standard electrode potential of less than about -LOV, an atomic radii size 
difiference relative to Ti of at least 8%, and/or melting temperatures greater than or equal 
to 2400**C, In particular embodiments, the target can consist essentially of the titanium 
and the one or more elements which have a standard electrode potential of less than 
about -l.OV, an atomic radii size difference relative to Ti of at least 8%, and/or melting 
temperatures greater than or equal to 2400X. Also, the invention encompasses 
embodiments wherein the target consists of the titanium and the one or more elements 
having a standard electrode potential of less than about -1 .OV, an atomic radii size 
difference relative to Ti of at least 8%, and/or melting temperatures greater than or equal 
to 2400X. 

An exemplary target will comprise at least 50 atom% titanium, and from 0.001 
atom% to 50 atom% of the one or more elements having a standard electrode potential of 
less than about -LOV, an atomic radii size difference relative to Ti of at least 8%, and/or 
melting temperatures greater than or equal to 2400*^0. In other embodiments, the target 
can comprise at least 90 atom% titanitim, and from 0.001 atom% to 10 atom% of the one 
or more elements which have a standard electrode potential of less than -l.OV, an atomic 
radii size difference relative to Ti of at least 8%, and/or melting temperatures greater 
than or equal to 2400°C. 

Although previous targets have been produced for different applications (i.e. 
applications other than for diffusion barriers) having titanium and one or more of Nb, Al, 
Si, W and Zr; targets of the present invention can differ from the previous targets in that 
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they are used for copper barrier applications and/or the concentration of the Nb, W and 
Zr can be diJSerent in targets of the present invention than in previous targets. For 
instance, an alloy of the present invention can comprise titanium as the majority element 
and include an additional element of Nb, W or excluding the ranges 32-38 atom % 
and 12-18 atom% for Zr; excluding the range 6-8 atom % for Nb; and excluding the 
range 35-50 atom % for W. Also, prior art titanium-comprising targets can be utilized 
for a new method in accordance with methodology of the present invention for forming 
copper bairier layers. 

A target utilized in methodology of the present invention can be sputtered in an 
atmosphere such that only target materials are deposited in film 58, or alternatively can 
be sputtered in an atmosphere so that materials &om the atmosphere are deposited in 
barrier layer 58 together with the materials from the target. For instance, the target can 
be sputtered in an atmoq>here comprising a nitrogen-containing component to form a 
barrier layer 58 that comprises nitrogen in addition to the materials firom the target. An 
exemplary nitrogen-containing component is diatomic nitrogen (Na). The deposited thin 
fihn can be referred to by the stoichiometry TixQyN^, with *'Q** being a label for the one 
or more elements having a standard electrode potential of less than — l.OV, an atomic 
radii size difference relative to Ti of at Ijeast 8%, and/or melting temperatures greater 
than or equal to 2400°C, that were incorporated into the target. In particular processing, 
the material TixQyNzWill comprise x=0.1 to 0.7, y=0.001 to 0.3, and z=0.1 to 0.6. 

Another exemplary method of fomiing barrier layer 58 is to sputter deposit the 
layer from a target comprising titanimn and one or more elements other than titanium in 
the presence of both a nitrogen-comprising component and an oxygen-comprising 
component, to incorporate both nitrogen and oxygen into barrier layer 58. Such 
processing can form a barrier layer having tiie stoichiometry TixQyNzOw, with Q again 
referring to the elements having an atonndc radii size difference relative to Ti of at least 
8%, elements comprising a standard electrode potential of less than about -1 .OV, and/or 
elements having melting temperatures greater than or equal to 2400''C. The compound 
TixQyNzOw can comprise, for example, x=0.1 to 0.7, y=0.001 to 0.3, 2=0.1 to 0.6, and 
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w=O.OOOI to 0.0010, The oxygen-containing component used to fonn the TixQyN^Ow, 
can be, for example O2. 

There can be advantages to incorporating nitrogen and/or oxygen into a barrier 
layer 58, in that such incorporation can improve the high-temperature stability of tiie 
barrier layer relative to its ability to exclude copper diffusion at high temperatures. The 
nitrogen and/or oxygen can, for example, disturb a Ti colunuiar grain structure and thxis 
form a more equi-axed grain structure. 

Particular methodology for forming sputtering targets in accordance with the 
present invention and for depositing thin films firom the sputtering targets are described 
below with reference to examples 1-4. 

A barrier layer 58 formed in accordance with the present invention can comprise 
a mean grain size of less than or equal to 100 nanometers, and in particidar processing 
can preferably comprise a mean grain size of less than or equal to 1 0 nanometers. More 
preferably, the barrier layer can comprise a mean grain size of less than 1 nanometer. 
Further, the barrier layer material can have sufficient stability so that the mean grain size 
remains less than or equal to 100 nanometers, and in particular embodiments less than or 
equal to 1 0 nanometers or 1 nanometer, after the film is exposed to SOO'^C for 30 minutes 
in a vacuum anneal. 

The small mean grain size of the film 58 of the present invention can enable the 
film to better preclude copper diffusion than can prior art titaniimi-containing films. 
Specifically, the prior art titanium-containing films fi-equently would form large grain 
sizes at processing above 450°C, and accordingly wovild have the coliminar-type defects 
described above with reference to Fig. 2. Processing of the present invention can avoid 
formation of such defects, and accordingly can enable better titanium-containing 
difEusion layers to be formed than could be formed by prior art processing. 

Referring still to Fig. 4, a copper-containing seed layer 60 is formed over barrier 
layer 58. Copper-containing seed layer 60 can comprise, for example, high purity copper 
(i.e., copper which is at least 99.995% pure), and can be deposited by, for example, 
sputter deposition firom a high purity <:opper target 
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Fig, 5 illustrates wafer firagment 50 after it has been exposed to chemical- 
mechaniced polishing to remove layers 58 and 60 from over an upper surface of 
insiilative material 54 while leaving materials 58 and 60 within trench 56. Fig. 5 also 
illustrates processing that can occur specifically when elements having a standard 
electrode potential of less than -1 .OV are in layer 58, and shows that layer 58 has been 
exposed to thermal processing causing difiiision of the elements having a standard 
electrode potential less than -l.OV to form a region 62 having a higher concentration of 
the elements than other regions of material 58, Suitable thermal processing which can 
cause such migration of the element having a standard electrode potential less tiian - 
l.OV includes an anneal at a temperature of about 500*^0 for a time of about 30 minutes, 
under vacuimi. 

Fig. 7 shows an expanded view of a region of the Fig. 5 wafer firagment 50, and 
more clearly illustrates the region 62. Fig. 7 also illustrates that another region 64 having 
an enhanced concentration of the elements with a standard electrode potential of less 
than -l.OV can be formed adjacent to copi>er-based layer 60. Region 64 is not shown in 
Fig. 5 due to limitations of space in the drawing. It is to be imderstood that region 64 
may be effectively eliminated in particular processing of the present invention, 
depending on the elements incorporated into barrier layer 58. 

Figs. 8 and 9 graphically illustrate the aspect of the invention that elements with a 
standard electrode potential less than -l.OV can migrate within barrier layer 58 during a 
high-temperature anneal. 

Referring first to Fig. 8, such illustrates a graph of a concentration of the 
elements with a standard electrode potential of less than -1 .OV (illustrated as *'Q", and 
specifically illustrated as a relative percent of "Q") relative to the copper of layer 60, the 
TiQ of layer 58 and the SiO of layer 54. It is noted that the TiQ and SiO are not intended 
to be stoichometric representations of the materials of either barrier layer 58 or insulative 
material 54, but rather simply identify layers 58 and 64 in the drawing of Fig. 8 (for 
instance, the material referred to as "SiO" would generally be SiOz). The graph of Fig. 8 
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is illustrated along an axis shown in Fig. 4, and accordingly corresponds to a processing 
step prior to the axuieal of Fig. 5. 

Fig, 9 shows a graph siniilar to that of Fig. 8, but shows the graph along an axis 
of Fig. 5, and accordingly is showing relative concentrations after the Fig. 5 anneal. Fig. 
9 illustrates tihat a concentration of Q is increased at an interfece between the TiQ layer 
58 and SiO layer 54, relative to a concentration throughout a middle region of TiQ. Fig. 
9 also illustrates that a concentration of Q can be increased at an interface between 
copper-based layer 60 and TiQ layer 58. 

It is to be understood that even though Figs. 8 and 9 refer to insulative layer 54 
speciiScally as a SiO layer, such is an exemplary composition for insulative layer 54, and 
the invention encompasses embodiments wherein layer 54 comprises other insulative 
materials. It is also to be imderstood that the relative concentrations of Q shown in Fig. 9 
are for illustrative purposes only, and that Fig. 9 is showing a qualitative representation 
of the concentrations of Q, rather than a quantitative representation. 

An advantage of utilizing an element having a standard electrode potential of less 
than -l.OV is evidenced by Figs. 7, 8 and 9. Specifically, such elements will tend to 
diffuse toward the interface regions of barrier layer 58 during an anneal. The element 
can thus form the regions 62 and 64 of Fig. 7, which can have enhanced copper-barrier 
aspects relative to the remaining central region of layer 58. Also, the region 62 can have 
enhanced characteristics for adhering layer 58 to insulative material 54. Accordingly, 
barrier layers formed in accordance with the present invention can adhere to insulative 
materials better than barrier layers formed in accordance with the prior art, and can thus 
alleviate some of the problems associated with prior art barrier layers. 

Fig. 6 illustrates wafer fragment 50 at a processing step subsequent to that of Fig. 
5, and specifically shows a copper-based material 70 formed wiflrin trench 56 (Fig. 5). 
Copper-based material 70 can be formed by, for example, electrodeposition of copper 
onto seed layer 60. An advantage of having a conductive barrier layer 58 is evidenced in 
Fig. 6. Specifically, as trenches become increasingly smaller, the amount of the trench 
made smaller by barrier layer 58 relative to that consumed by copper material 70 can 
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increase. Accordingly, layers 58, 60 and 70 can be considered a conductive component, 
with layer 58 having an increasingly larger representative volume as trench sizes become 
smaller. A reason that layer 58 can have an increasingly larger volume is that there are 
limits relative to the thickness of layer 58 desired to maintain suitable copper-difiusion 
barrier characteristics. As the relative volume of layer 58 increases within the 
conductive component comprising layers 58, 60 and material 70, it can be desired to 
have good conductive characteristics within material 58 to retain good conductive 
characteristics within the conductive component 

Materials formed in accordance with the present invention can have suitable 
mechanical properties for utilization in sputtering targets. Fig. 10 shows that materials 
formed in accordance with the present invention can have mechanical properties equal 
to, or better than, those of 3N5 tantalimi, with the mechanical properties of Fig. 10 being 
reported in units of Ksi (i.e, 1000 lbs/in^). 
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EXAMPLES 

The invention is illustrated by, but not limited to, the following examples. The 
examples describe exemplary methodologies for forming sputtering targets comprising 
various materials encompassed by the present invention. The sputtering targets can have 
any of numerous geometries, with an exemplary geometry being a so-called ENDURA™ 
target of the type available from Honeywell Electronics, Inc, An exemplary 
ENDURA™ target construction 200 is shown in Fig. 1 1 to comprise a backing plate 202 
and a target 204. Target construction 200 is shown in cross-^sectional view in Fig. 1 1 , 
and would Q^ically comprise a circular outer periphery if viewed fix)m the top. 
Although target constraction 200 is shown to comprise ibe backing plate 202 supporting 
the target 204, it is to be understood that the invention also encompasses monolithic 
target constructions (i.e., target constructions in which the entirety of a construction is 
target material) and other planar target designs. 

EXAMPLE 1 

A Ti Y target comprises 1 .0at% Y, which is a reactive element with a standard 
electrode potential of -2.6V and has an atomic radii which is 13.5% larger than that of 
Ti. A predetermined amount of 3N (99.9%) purity Y was added to a 5N (99.999%) 
purity Ti during a vacuum skull melt After a homogeneous alloy is formed, the alloy 
was cast into a graphite mold to form a billet The billet was forged and rolled using 
conventional theimomechanical processes and fabricated into a sputtering target. The 
Ti-5at%Y target was reactively sputtered in aN2/Ar atmosphere with four different 
values for N2 flows (0, 5, 10, 15 seem) and with a total chamber pressure of 4 x 10'^ 
mTorr. The resulting TiYN thin film had a thickness of approximately 20 nm, an 
electrical resistivity ranging from approximately 130-300 ^n«cm, and comprised a very 
small grain size, which could not be measured by x-ray and could be microciystalline or 
amorphous. 
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EXAMPLE 2 

A TiTa target comprises 0.6Sat% Ta, which is an element with a melting point of 
2996*^0 and is a reactive element with a standard electrode potential of -1 .07V. A 
predetermined amount of 3N5 (99.95%) purity Ta was added to a 5N (99,999%) purity 
Ti during a vacuum skull melt. After a homogeneous alloy was formed, the alloy was 
cast into a graphite mold to form a billet The billet was forged and rolled using 
conventional thermomechanical processes, and febricated into a sputtering target The 
Ti-0.65at%Ta target was reactively sputtered in aN2/Ar atmosphere witfx four different 
values for N2 flows (0, 5, 10, 15 seem) and with a total chamber pressure of 4 x 10'^ 
mTorr. The resulting TiTaN thin film had a thickness of £q>proximately 20 rmi, an 
electrical resistivity ranging from approximately 130-250 ^•cm and comprised a very 
small grain size, which could not be measured by x-ray and could be microcrystalline or 
amorphous. 
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EXAMPLE3 

A TiZr target comprises 5.0at% Zr, which is a reactive element with a standard 
electrode potential of -L65V. A predetermined amount of 2N8 (99.8%) purity Zr was 
added to a 5N (99.999%) purity Ti during a vacuum skull melt After a homogenous 
alloy was formed, the alloy was cast into a graphite crucible to form a billet. The billet 
was forged and rolled using conventional tfaemiomechanical processes and fabricated 
into a sputtering target The Ti-5al%Zr target was reactively sputtered in a Na/Ar 
atmosphere. The resulting TiZrN thin film had a thickness of approximately 20 nm and 
an electrical resistivity of approximately 125 {i£2«cm. Fig. 13 shows the sheet resistance 
of the sputtered TiZrN thin fihn. The TiZrN fihn had a very small gram size, which 
could not be measured by x-ray and could be microcrystalline or amorphous, which vms 
stable after vacuimi annealing at 700^C for 5 hours. A 150 run Cu film was then 
deposited onto tiie TiZrN film so that difEusional properties of the TiZrN film could be 
tested after armealing at high temperature. Reszilts indicate that the TiZrN film had good 
adhesion to intermetallic dielectrics and wetting characteristics with Cu. The thin film 
had overall properties that are adequate for a typical Cu/low-k dielectric process. Fig. 12 
shows the Rutixerford Back-scattering Spectroscopy (RBS) profile of as-deposited 
Ti0.45Zr0024N0.52; and Table 2 tabulates various aspects of the data of Fig. 12. Figure 14 
illustrates that there is no apparent diffusion of Cu into the TiZrN layer after vacuum 
annealing at about 450 - 700^C for 1 hour. Fig. 15 shows the RBS profile of the TiZrN 
film after the Cu layer has been stripped fi-om the wafer. This figure again shows no 
apparent diffusion of Cu into the TiZrN layer after 5 hours at TOO^'C. 
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TABLE 2; RBS determined film composition in atomic percent 



Film 


Thickness (nm ) 


St 


O 


Ti 


N 


Zr 


TiZrN 


20 


0 


0 


0 45 


0.S26 


0.024 


SiOi 


300 


0.334 


0.666 


0 


0 


0 


Si 


w afer 


1 


0 


0 


0 


0 
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EXAMPLE 4 

A TiAl target comprises 1.0at% Al, which is a reactive element with a standard 
electrode potential of -1 .70V. A predetemiined amovmt of 3N5 (99.95%) purity AI was 
added to a 5N (99.999%) purity Ti during a vacuum skull melt After a homogeneous 
alloy was formed, flie alloy was cast into a graphite mold to form a billet The billet was 
forged and rolled using conventional thennomechanical processes, and &bricated into a 
sputtering target The Ti-1.0at%Al target was reactively sputtered in a N2/Ar atmosphere 
with four different values for N2 flows (0, 5, 1 0, 15 seem) and with a total chamber 
pressure of 4 x 10'^ mTorr. The resultmg TiAlN Am film had a thickness of 
approximately 20 nm, an electrical resistivity ranging from approximately 130-300 
ttn«cm and comprised a very small grain size, which could not be measured by x-ray 
and could be mioxicrystalline or amorphous. 



The embodiments described herein are exemplary embodiments, and it is to be 
tmderstood that the invention encompasses embodimente beyond those specifically 
described. For instance, the chemical-mechanical polishing described as occurring 
between the steps of Figs. 4 and 5, could instead be conducted after electrodeposition of 
the copper material 70 that is shown in Fig. 6. Also, the anneal described with reference 
to Fig. 5 as being utilized to form region 62 could be conducted instead after the 
processmg of Fig. 6. Additionally, although various aspects of the invention are 
described with reference to creating barrier layers to alleviate copper dififiision, it is to be 
understood that the methodology described herein can be utilized for creating barrier 
layers that impede or prevent difiiision of metals other than coppery such as, for example, 
Agor AL 
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CLAIMS 

1 . A sputtering target used for forming a barrier layer relative to a copper- - 
containing material and comprising Ti and one or more alloying elements which 
have a standard electrode potential of less than about -l.OV. 

2. The sputtering target of claim 1 wherein the copper-containing material is a 
copper-based material. 

3. The sputtering target of claim 1 comprising at least one alloying elements which 
does not have the standard electrode potential of less than about -l.OV. 

4. The sputtering target of claim 1 wherein die only alloying elements in the 
sputtering target are elements having fbe standard electrode potential of less than 
about -l.OV. 

5. The sputtering target of claim 1 wherein the one or more alloying elements are 
selected from the group consisting of Be, B, Al, Si, Ca, Sc, V, Cr, Mn, Fe, Sr, Y, 
Cs, Ba, La, Hf, Ta, Ce, Pr, Nd, Sm, Gd, Dy, Ho and Er. 

6. The sputtering target of claim 1 wherein the one or more allo>dng elements are 
selected from the group consisting of Be, Ca, Sr and Ba. 

7. The sputtering target of claim 1 wherein the one or more alloying elements 
comprise Zr. 

8. The sputtering target of claim 1 wherein the one or more alloying elements 
comprise B. 

9. The sputtering target of claim 1 wherein the one or more alloying elements 
comprise Hf. 

10. The sputtering target of claim 1 wherein the one or more alloying elements 
comprise V. 

1 1 . The sputtering target of claim 1 wherein the one or more alloying elements 
comprise Cr. 

12. The sputtering target of claim 1 wherein the one or more alloying elements 
comprise Mn. 
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13. The sputtering target of claim 1 wherein the one or more alloying elements 
comprise Fe. 

14. The sputtering target of claim I wherein the one or more alloying elements 
comprise Al. 

15. A sputtering target used for forming a barrier layer relative to a Cu- 
containing material and comprismg Ti and one or more alloying elements having 
at least a 8 percent difference in atomic radii relative to titanium. 

16. The sputtering target of claim 15 wherein the one or more alloying 
elements are selected from the group consisting of Al, Ca, Mn, Fe, Co, Ni, Y, Zr 
andHf- 

17- The sputtering target of claim 15 wherein the one or more alloying elements 
comprise Co. 

1 8. The sputtering target of claim 15 wherein the one or more alloying elements 
comprise Ni. 

1 9. The sputtering target of claim 15 wherein the one or more alloying elements 
comprise Y. 

20. A sputtering target used for forming a barrier layer relative to a Cu- 
containing material and comprising Ti and one or more alloying elements having 
at least a 20 percent difference in atomic radii relative to titanium. 

21. The sputtering target of claim 20 wherein the one or more alloying 
elements are selected from the group consisting of Be, B, C, Si, P, S, Cs, Ba, La, 
Ce, Pr, Nd, Sm, Gd, Dy, Ho, Er and Yb. 

22. The sputtering target of daun 20 wherein the one or more alloying 
elements are selected from the group consistuig of Ce, Pr, Nd, Sm, Gd, Dy, Ho, 
Er and Yb. 

23 . The sputtering target of claim 20 wherein the one or more alloying elements 
comprise Ba. 

24. The sputtering target of claim 20 wherein the one or more allo}dng elements 
comprise La. 
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25. The sputtering target of claim 20 wherein the one or more alloying 
elements comprise Yb. 

26. A sputtering target used for forming a barrier layer relative to a Cu- 
containing material and comprising Ti and one or more alloying elements which 
have a melting temperature of at least about 2400°C 

27. The sputtering target of claim 26 wherein the one or more alloying 
elements are selected from the group consisting of C, Nb, Mo, Ta and W. 

28. The sputtering target of claun 26 wherein the one or more alloying 
elements comprise Nb. 

29. The sputtering target of claim 26 wherem the one or more alloying 
elements comprise Mo. 

30. The sputtering target of claim 26 wherein the one or more alloying 
elements comprise Ta. 

31. The sputtering target of claim 26 wherein the one or more alloying 
elements comprise W. 

32. A sputtering target consisting essentially of Ti and Zr; and containing less than 
12 atomic percent Zr. 

33 . The sputtering target of claim 32 containing less than 8 atomic percent Zr. 

34. The guttering target of claim 32 containing less than 6 atomic percent Zr. 

35. The sputtering target of claim 32 containing less than 2 atomic percent Zr. 

36. The sputtering target of claim 32 containing from 2 atomic percent to less than 
12 atomic percent Zr. 

37. A sputtering target comprising Ti and one or more alloying elements which 
have a standard electrode potential of less than about -1 .OV; said sputtering target not 
including binary alloys of TiAl and JiSi; and furttier not including bmary alloys of 
TiZr in which Zr is present in the range of 12-1 8 atom% or in the range of 32-38 
atom%. 
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38. The sputtering target of claim 37 wherein the one or more alloying elements are 
selected from the group consisting of Be, B, Ca, Sc, V, Cr, Mn, Fe, Sr, Y, Cs, Ba, La, 
Hf, Ta, Ce, Pr, Nd, Sm, Gd, Dy, Ho and Er. 

39. The sputtering target of claim 37 wherein the one or more alloying elements are 
selected from the group consisting of Be, Ca, Sr and Ba, 

40. The sputtering target of claim 37 wherein the one or more alloying elements 
comprise B. 

41. The sputtering target of claim 37 wherein the one or more alloying 
elements comprise Uf. 

42. The sptittering target of claim 37 wherein the one or more alloying elements 
comprise V. 

43. The sputtering target of claim 37 wherein the one or more alloying elements 
comprise Cr. 

44. The sputtering target of claim 37 wherein the one or more alloying elements 
comprise Mn. 

45. The sputtering target of claim 37 wherein the one or more alloying elements 
comprise Fe. 

46. A sputtering target comprising Ti and one or more alloying elements having at 
least a 8 percent difference in atomic radii relative to titaniimi; said sputtering target 
not including binary complexes of Ti and alloying elements selected from the group 
consisting of Al and Si; said sputtering target also not including binary complexes of 
Ti and Zr in which Zr is present in the range of 12-1 8 atom% or in the range of 32-38 
atom%. 

47. The sputtering target of claim 46 wherein the one or more alloying elements are 
selected from the group consisting of Ca, Mn, Fe, Co, Ni, Y, a^d Hf. 

48. The sputtering target of claim 46 wherein the one or more alloying elements 
comprise Y. 

49. The sputtering target of claim 46 wherein the one or more alloying elements 
comprise Co. 
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50. The sputtering target of claim 46 wherein the one or more alloying elements 
comprise Ni. 

5 1 . The sputtering target of claim 46 wherein the one or more alloying elements 
have a difieraice in atomic radii of at least 20% relative to Ti. 

52. The sputtering target of claim SI wherein the one or more alloying elements are 
selected jfrom the group consisting of Be, B, C, P, S, Cs, Ba, La, Ce, Pr, Nd, Sm, Gd, 
Dy,Ho,Erand Yb. 

53. The sputtering target of claim 5 1 wherein the one or more alloying elements 
are selected firom the group consisting of Ce, Pr, Nd, Sm, Gd, Dy, Ho, Er and Yb. 

54. The sputtering target of claim 51 wherein the one or more alloying elements 

Q comprise Ba. 

W 

^ 55 . The sputtering target of claim S 1 wherein the one or more alloying elements 

Li 

^ comprise La. 

-I! 

J 56. The sputtering target of claim 5 1 v^erein the one or more alloying elements 

p comprise Yb. 

57. A sputtering target comprising Ti and one or more alloying elements which 

'P have a melting temperature of at least about 2400''C; said sputtering target not 

S 

rU including binary alloys of Ti and W in which W is the range of 35-50 atom %; said 

sputtering target also not including binary alloys of Ti and Nb in which Nb is the 
range of 6-8 atom %. 

58. The sputtering target of claim 57 wherein the one or more alloying elements 
are selected firom the group consisting of C, Mo, and Ta, 

59. The sputtering target of claim 57 wherein the one or more alloying elements 
comprise Mo. 

60. The sputtering target of claim 57 wherein flie one or more alloying elements 
comprise Ta. 
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61. A sputtering target used for fonning a barrier layer relative to a silver- 
containing material and comprising Ti and one or more alloying elements having at 
least one of: (1) a standard electrode potential of less than about -1.0 V; (2) a 
melting temperature of at least about 2400*'C; or (3) at least a 8 percent difference in 
atomic radii relative to titanium. 

62. The sputtering target of claim 61 wherein the one or more alloying elements 
comprise Zr. 

63 . A sputtering target used for forming a barrier layer relative to an aluminiun- 
containing material and comprising Ti and one or more alloying elements having at 
least one ot (1) a standard electrode potential of less than about -l.OV; (2) a 
melting temperature of at least about 2400^C; or (3) at least a 8 percent difference in 
atomic radii relative to titanitun. 

64. The sputtering target of claim 63 wherein the one or more alloying elements 
comprise Zr. 

65. A means for forming a Cu barrier layer by sputter-depositing a film firom a 
target comprising Ti and one or more alloying elements selected from the group 
consisting of Be, B, Al, Si, Ca, Sc, V, Cr, Mn, Fe, Sr, Y, Zr, Cs, Ba, La, Hf, Ta, Ce, 
Pr, Nd, Sm, Gd, Dy, Ho and Er. 

66. The means of claim 65 wherein the one or more alloying elements comprise Zr. 

67. The means of claim 65 wherein the one or more alloying elements comprise V. 

68. The means of claim 65 wherein the one or more alloying elements comprise Cr. 

69. The means of claim 65 wherein the one or more alloying elements comprise 
Mn. 

70. The means of claim 65 wherein the one or more alloymg elements comprise Fe. 

71 . The means of claim 65 wherein the one or more alloying elements comprise Al. 

72. A method of inhibiting copper diffusion into a substrate, comprising: 

forming a first layer comprising Ti and one or more alloying elements 
over the substrate, the one or more alloying elements having a difference in 
atomic radii relative to Ti of at least 8%; and 
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forming a copper-containing layer over the first layer; the first layer 
inhibiting copper diffusion fipom the copper-containing layer to the substrate. 

73. The method of cimm 72 v*erein the copper-containing layer is a copper-based 
layer. 

74. The method of claim 72 wherein the one or more alloying elements are selected 
fiom the group consisting of Al, Ca, Mn, Fe, Co, Ni, Y, Zr and Hf. 

75. The me&od of claim 72 wherein tiie one or more alloying elements comprise Y. 

76. The method of claim 72 wherein Ihe one or more alloying elements have a 
difference in atomic radii of at least 20% relative to Tl. 

77. The method of claim 76 wherein the one or more aUcying elements are selected 
fiom the group consisting of Be, B, C, Si, P, S, Cs, Ba, La. Ce, Pr, Nd, Sm, Gd, Dy, 
Ho,ErandYb. 

78. The method of claim 76 wherein tiie one or more alloying elements comprise 
Ba. 

79. The method of claim 76 vdierein the one or more alloyii^ elements comprise 
La. 

80. The method of claim 76 wherein the one or more aUoying elements comprise 
Yb. 

81 . A method of inhibiting copper diffusion into a substrate, comprising: 

forming a first layer comprising Ti and one or more alloying elements 
which have a standard electrode potential of less than about -l.OV over the 
substrate; and 

forming a copper-containing layer over the first layer; the first layer 
inhibiting copper diffusion firam the copper-containing layer to the substrate. 

82. The method of claim 81 wherein the one or more alloying elements are selected 
fiom the gtoup consisting of Be, B, Al, Si, Ca, Sc, V, Cr, Mn, Fe, Sr, Y. Zr, Cs. Ba, 
La, Hf, Ta, Ce, Pr, Nd, Sm, Gd, Dy, Ho and Er. 

83. The method of claim 81 wherem the layer consists essentially of the Ti and the 
one or more alloying elraients. 
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84. The method of claim 81 wherein the layer consists of the Ti and the one or more 
alloying elements. 

85. The method of claim 81 wherein the one or more alloying elements comprise 
Zr, 

86. The method of claim 81 wherein the one or more alloying elements comprise V. 

87. The method of claim 81 wherein the one or more alloying elements comprise 
Cr. 

88. The method of claim 8 1 wherein die one or more alloying elements comprise 
Mn. 

89. The method of claim 81 wherein the one or more alloying elements comprise 
Fe, 

90. The method of claim 81 wherein the one or more alloying elements comprise 
Al. 

91 . The method of claim 81 wherein the first layer is formed by sputter deposition 
from a target comprising the Ti and the one or more alloying elements which have a 
standard electrode potential of less than about -LOV. 

92. A thin film of Ti^QyN^ inhibiting copper diffusion from a copper-containing 
material and formed by sputtering a sputtering target in a nitrogen atmosphere, 
wherein "Q" is a label for said one or more alloying elements; said target 
comprising Ti and one or more alloying elements which have a standard 
electrode potential of less than about -l.OV. 

93. The thin film of claim 92 wherein x==0.1-0.7,y=0.001-0.3, andz=0.1-0.6. 

94. The thin fihn of claim 92 having a thickness of firom about 2 nm to about 
50nm. 

95. The thin film of claim 92 having a thickness of from about 2 nm to about 
20mn. 

96. The thin fihn of claun 92 further comprising an electrical resistivity of equal 
to or less than 300jiQ«cm. 
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97. The TijjQyN^ thin film of claim 92 used as a Cu barrier layer in a 
microelectronic device. 

98. The thin film of claim 92 further comprising a mean grain size of equal to 
or less than lOOnm, the mean grain size remaining equal to or less than lOOnm 
after the thin £Qm is exposed to a temperature of at least about SOO'^C for a time 
of at least about 30 minutes in a vacuum anneal. 

99. The thin film of claim 92 further comprising a mean grain size of equal to 
or smaller than lOnm, the mean grain size remaining equal to or less than lOnm 
after the thin film is e:sposed to a temperature of at least about SOO^C for a time 
of at least about 30 minutes in a vacuum anneal. 

100. The thin film of claim 92 further comprising a mean grain size of equal to 
or smaller than Inm, the mean grain size remaining equal to or less than Inm 
after the thin film is esposed to a temperature of at least about SOO^'C for a time 
of at least about 30 minutes in a vacuum anneal. 

101. A thin film of Ti^OyN^O^, inhibiting copper diffusion from a copper- 
containing material and formed by sputtering a sputtering target in the presence 
of a nitrogen-containing gas and an oxygen-containing gas, wherein "Q" is a label 
for said one or more alloying elements; said target comprising Ti and one or 
more alloying elements which have a standard electrode potential of less than 
about -l.OV, 

102. The thin fihn of claim 101 wherein x=0.1-0.7, y=D.001-0.3, z=0.1-0.6, and 
w=0.0001-0.0010. 

103. The thin film of claim 101 having a thickness of from about 2 lun to about 
50nm. 

104. The thin film of claim 101 having a thickness of from.about 2 nm to about 
20nm. 

105. The thin fihn of claim 101 further comprising an electrical resistivity of 
equal to or lower than 300{i£2«cm. 
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106. The thin Sim of claim 101 further comprising a mean grain size of equal to 
or less than lOOnm, the mean grain size remaining equal to or less than lOOnm 
after the thin film is exposed to a temperature of at least about 500**C for a time 
of at least about 30 minutes in a vacuum anneal 

107* The thin film of claim 101 fiirther comprising a mean grain size of equal to 
or smaller than lOnm, the mean grain size remaining equal to or less than lOnm 
after the thin film is exposed to a temperature of at least about 500**C for a time 
of at least about 30 minutes in a vacuum anneal. 

108. The thin filtn of claim 101 further comprising a mean grain size of equal to 
or smaller than Inm, the mean grain size remaining equal to or less than Inm 
after the thin film is exposed to a temperature of at least about 500**C for a time 
of at least about 30 minutes in a vacuum anneal. 

109. The Ti^QyNPv. thin film of claim 101 used as a Cu barrier layer in a 
microelectronic device. 

110. A thin film of Ti^OyN^ inhibiting copper diffusion from a copper-containing 
material and formed by sputtering a sputtering target in a nitrogen atmosphere^ 
wherein "Q" is a label for said one or more alloying elements; said target 
comprising Ti and one or more alloying elements which have a melting 
temperature of at least about 2400''C. 

111. The thin film of claim 1 10 wherein x=0.1-0.7, y=0.001-0.3, and z=0.1-G.6. 

1 12. The thin film of claim 110 having a thickness of from about 2 nm to about 
50nm. 

1 13. The thin film of claim 1 10 having a thickness of from about 2 nm to about 
20nm. 

1 14. The thin film of claim 110 further comprising an electrical resistivity of 
equal to or less than 300jiQ«cm. 

115. The Ti^QyN^ thin fihn of claim 110 used as a Cu barrier layer in a 
microelectronic device. 
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1 16. The thin film of claim 1 10 fmrther comprising a mean gram size of equal to 
or less than lOOnm, the mean grain size remaining equal to or less than lOOmn 
after the thin fihn is exposed to a temperature of at least about 500°C for a time 
of at least about 30 minutes in a vacuum anneal. 

1 17. The thin fihn of claim 1 1 0 further comprising a mean grain size of equal to 
or smaller than lOnm, the mean grain size remaining equal to or less than lOnm 
after the thin fihn is exposed to a temperature of at least about SOCC for a time 
of at least about 30 minutes m a vacuum anneaL 

1 1 8. The thm fihn of claim 1 10 further comprismg a mean grain size of equal to 

or smaller than Irnn, the mean grain size remauiing equal to or less than Inm 

P after the thin film is exposed to a temperature of at least about 500»C for a time 

O 

UJ of at least about 30 minutes in a vacuum anneal. 

m 

H 119. A thm fihn of TijQ^Pw inhibiting copper diffusion firom a copper- 
% contaimng material and formed by sputtering a sputtering target m the presence 

T of a nitrogen-contaimng gas and an oxygen-containing gas, wherem "Q" is a label 

P for said one or more alloying elements; said target comprising Ti and one or 

1 more alloymg elements which have a meltkig temperature of at least about 

§ 2400*C. 

120. The thm fihn of claun 119 wherein x=ai-0.7,y=0.001-0.3,z=0.1-0.6, and 

w=0.0001-0.0010. 

121 . The thm fihn of claim 119 having a thickness of from about 2 nm to about 
50nm. 

122. The thm film of clahn 1 19 having a thickness of firom about 2 nm to about 
20nm. 

123. The thin film of claim 1 19 further comprising an electrical resistivity of 
equal to or lower than 300nQ»cm. 
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124. The thin film of claim 119 further comprising a mean grain size of equal to 
or less than lOOnm, the mean grain size remaining equal to or less than lOOnm 
after the thin fihn is exposed to a temperature of at least about 500»C for a time 
of at least about 30 minutes in a vacuum anneal. 

125. The thin fihn of claim 119 further comprising a mean grain size of equal to 
or smaller than lOnm, the mean grain size remaining equal to or less than lOnm 
after the thin fihn is exposed to a temperature of at least about 500»C for a time 
of at least about 30 minutes in a vacuum anneal. 

1 26 . The thin fihn of claim 1 1 9 further comprising a mean grain size of equal to 
or smaller than Inm, the mean grain size remaining equal to or less than Inm 
after the thin fihn is e3q)osed to a temperature of at least about 500°C for a time 
of at least about 30 minutes in a vacuum anneaL 

127- The thin fihn of daim 1 19 used as a Cu barrier l^er in a microelectronic 

device. 

1 28. A thin fihn of Ti,Q^, inhibiting copper diffusion from a copper-containing 
material and formed by sputtering a sputtering target in a nitrogen atmosphere, 
wherem "Q" is a label for said one or more alloying elements; said target 
comprising Ti and one or more alloying elements having at least a 8 percent 
difference in atomic radii relative to titanium. 

129. The thin fihn of claim 128 wherein x=0.1-0.7, y=0.001.0.3, and z=0.1-0.6. . 

130. The thin fihn of claim 128 having a thickness of from about 2 nm to about 

SOnm. N 

131 . The thin fihn of claun 128 having a thickness of from about 2 nm to about 

20nm. 

132. The thin film of claim 128 further comprising an electrical resistivity of 
equal to or less than 300jif2»cm. 

133. The thin fihn of claim 128 used as a Cu barrier layer in a microelectronic 

device. 
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134. The thin fihn of claim 128 further comprising a mean grain size of equal to 
or less than lOOnm, the mean grain size remaming equal to or less than lOOnm 
after the thin fihn is exposed to a temperature of at least about SOO'C for a time 
of at least about 30 minutes in a vacuum anneal 

135. The thin film of claim 128 further conqirismg a mean grain size of equal to 
or smaller than lOnm, the mean grain size remaining equal to or less than lOnm 
after the thin fihn is exposed to a temperature of at least about SOCC for a time 
of at least about 30 minutes in a vacuimi anneaL 

136. The thin fihn of claim 128 further comprismg a mean grain size of equal to 
or smaller than Inm, the mean grain size remaining equsd to or less than Inm 
after the thin fihn is exposed to a temperature of at least about 500*'C for a time 
of at least about 30 minutes in a vacuum anneaL 

137. A thm fihn of Ti^QyNpw inhibiting copper diffusion from a copper- 
containmg material and formed by sputtering a sputtering target in the presence 
of a nitrogen-containing gas and an o;grgen-containing gas, wherein "Q" is a label 
for said one or more alloying elements; said target comprising Ti and one or 
more alloying elements havmg at least a 8 percent difference in atomic radii 
relative to titanium. 

138. The thin fihn of daim 137 wherein x=0.1-0.7, y=0.001-03, z=0.1-O.6, and 
w=0.0001-0.0010. 

139. The thm film of daun 137 having a thickness of from about 2 nm to about 
SOnm. 

140. The thm fihn of claun 137 havmg a thickness of from about 2 mn to about 
20nm. 

141 . The thin film of claim 137 further comprising an electrical resistivity of 
equal to or lower than 300^Q«cm. 
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142. The thin film of claim 137 further comprising a mean grain size of equal to 
or less than lOOnm, the mean grain size remaining equal to or less than lOOnm 
after the thin film is exposed to a temperature of at least about 500»C for a time 
of at least about 30 minutes in a vacumn anneaL 

143. The thm fam of claun 137 further comprising a mean grain size of equal to 
or smaUer than lOnm. the mean grain size remaining equal to or less than lOnm 
after the thin fihn is exposed to a temperature of at least about 500°C for a time 
of at least about 30 minutes in a vacuum anneal. 

144. The thin fihn of claim 137 further comprising a mean grain size of equal to 
or smaller than Inm, the mean grain size remaining equal to or less than Imn 
after the thin fihn is exposed to a temperature of at least about SOO-C for a time 

y of at least about 30 minutes in a vacuum anneaL 

2 145. The Ti^Q^Pw thin fihn of claim 137 used as a Cu barrier layer in a 

microelectronic device. 
146. A semiconductor construction, comprising: 
a semiconductor substrate; 

a material supported by the semiconductor substrate, and into 

9 which diffusion of a metal is to be alleviated; 

iw 



m 

3 



a mass over the material and comprising the metal; 
a intervening layer comprising Ti and one or more alloymg 
elements; the intervening layer being between the mass and the material 
mto which diffusion of the metal is to be aUeviated; the one or more 
alloying elements at having least one of: (1) a standard electrode 
potential of less than about -l.OV; (2) a melting temperature of at least 
about 2400"C; or (3) at least a 8 percent difference m atomic radii 
relative to titanium; and 

the intervening layer alleviating diffusion of the metal from the 
mass to the material relative to an amount of diffusion that would occur 
without the intervening layer. 
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147. The construction of claim 146 wherein the nietal for which diffusion is to be 
alleviated is copper. 

148. The construction of claim 146 wherein the one or more alloying elements are 
selected ftom the group consisting of Be, B, Al, Si, Ca, Sc, V, Cr, Mn, Fe, Sr, Y, Zr, 
Cs, Ba, La, Hf, Ta, Ce, Pr, Nd, Sm, Gd, Dy, Ho and Er. 

149. The construction of claim 146 wherein the one or more alloying elements 
comprise Zr. 

150. The construction of claim 146 wh«ein the one or more alloying elements 
comprise V. 

151. The construction of claim 146 wherein the one or more alloying dements 
con^rise Cr. 

152. The construction of claim 146 wherein the one or more alloying elements 
comprise Mn. 

1 53 . The construction of claim 1 46 vrfiCTdn the one or more alloying elements 
comprise Al. 

154. The construction of claim 146 wherein the one or more alloying elements 
comprise B. 

155. The construction of claim 146 wherein the one or more alloying elements 
comprise Mb. 

156. The construction of claim 1 46 wherein the one or more alloying elements 
comprise Mo. 

1 57. The construction of clami 146 wherein the one or more alloying elements 
comprise Hf. 

158. The construction of claim 146 wherein the one or more allojdng elements 
comprise Ta. 

159. The construction of claim 146 wherein the one or more alloying elements 
comprise W. 

1 60. The construction of claim 146 wherein the one or more alloying elements 
comprise Y. 
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161 . The construction of claim 146 wherein the one or more alloying elements 
comprise Co. 

1 62. The construction of claim 146 wherein the one or more alloying elements 
comprise Ni. 

163. The construction of claim 146 wh^in &e one or more alloying elements 
comprise Ba. 

1 64. The construction of claim 146 wherein the one or more alloying elements 
comprise La. 

1 65. The construction of claim 146 wherein the one or more alloying elements 
comprise Yb. 

166. The construction of claim 146 wherein the metal for which diffusion is to be 
alleviated is copper and wherein the material into which copper diffusion is to be 
alleviated is an electrically insulative material. 

1 67. The construction of claim 146 wherein the metal for which diffusion is to be 
alleviated is.copper; and wherein the material into v^ch copper diffusion is to be 
alleviated comprises silicon dioxide. 

168. The construction of claim 146 wherein the metal for which diffusion is to be 
alleviated is copper; and wherein the material into which copper diffusion is to be 
alleviated comprises BPSG. 

169. The construction of claim 146 wherein the metal for which difiusion is to be 
alleviated is copper; and wherein the material into which copper diffusion is to be 
alleviated comprises fluorinated silicon dioxide with a dielectric constant less than or 
equal to 3.7. 

170. The construction of claim 146 wherein the metal for which diffusion is to be 
alleviated is copper; and wherein the material into which copper diffusion is to be 
alleviated comprises an insulative material with a dielectric constant less than or equal 
to 3.7. 
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ABSTRACT OF THE DISCLOSURE 

The invention described herein relates to new titanium-comprising materials 
which can be utilized for forming titanium alloy sputtering targets. The titanium alloy 
sputtering targets can be reactively sputtered in a nitrogen-comprising sputtering 
atmosphere to form an alloy TiN film, or alternatively in a nitrogen-comprising and 
oxygen-comprising sputtering atmosphere to form an alloy TiON thin film. The thin 
films formed in accordance with the present invention can have a non-colunmar grain 
structure, low electrical resistivity, high chemical stability, and barrier layer properties 
comparable to those of TaN for thin film Cu barrier applications. Furflier, the titanium 
alloy sputtering target materials produced in accordance with the present invention are 
more cost-effective for semiconductor applications than are high-purity tantalum 
materials and have superior mechanical strengfli suitable for high-power sputtering 
applications. 
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